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© Paper-like computer output display and scanning therefor. 



© An addressable display system including a 
paper-like sheet (26) comprising a light transparent 
host layer (34) loaded with a plurality of repositiona- 
ble elements (36), the elements being movable from 
a first orientation in which they will present a first 
visual appearance, to a second orientation in which 



they will present a second visual appearance, and 
independent external addressing means (30) rela- 
tively movable with respect to the display sheet for 
affecting the orientation of the repositionable ele- 
ments. 




FIG. 3 
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This invention relates to a computer peripheral 
system for output display and for input scanning 
v/hich is comparable in usage to paper. It com- 
prises, in combination, an "electric paper" sheet 
display and relatively movable, xternal addressing 
and optica] scanning members. 

Th8 ubiquitous personal computer has placed 
constraints upon the manner in which its users 
conduct their work. Basically, It comprises a key- 
board and a viewing screen with a capacity to 
display the equivalent of one or at most two printed 
sheets (often less). Because of the size of this 
hardware, the location of the work station may not 
always be optimal for both typing and reading. 
Usually, the CRT display screen is relegated to a 
more darkened portion of a work area in order to 
reduce glare and to increase viewing contrast, 
which is interfered with by ambient light. 

The advent of portable computers has in- 
creased the flexibility of usage somewhat but 
screen visibility still presents a problem. Another 
attempt to make the computer hardware more envi- 
ronmentally compliant was the wireless keyboard 
which purported to allow the user to type at a 
remote location and in a more comfortable position 
when creating a document. When a document is 
longer than a page the user is confronted with the 
dilemma of either reading it on the screen display 
or printing it and reading the resultant paper ver- 
sion of the document. In order to obtain a paper 
print of a computer displayed document a print 
command directs the document to a printer dedi- 
cated to this function. In a typical office, and in 
many homes, a convenience copier also will be 
available. 

Once a document has been printed, and re- 
trieved from the printer, there is a tendency to read 
it in a variety of comfortable positions and under 
well lighted conditions in order to minimize bodily 
fatigue and eye strain. Often this reading function 
is accompanied by simultaneously making marginal 
notes and other annotations in order to clarify its 
content or inform another of one's contempora- 
neous thoughts. Printed paper has numerous other 
features, in addition to its transportability, which 
make it a more desirable medium for accessing 
information than a computer output display. Its 
"ambient light valve" behavior (i.e. the brighter the 
ambient light, the more easily it may be seen) 
enables the reader to ease eye strain simply by 
using a strong light source. A multi-page document 
may be easily shuffled from one page to another 
and several pages may be viewed simultaneously 
for comparing information appearing on different 
pages. 

It is an object of the present invention to pro- 
vide the computer work station user with a com- 
puter display that looks like paper, can be carried 



around like paper, can b written on like paper, can 
be copied like paper, has nearly archival memory 
like paper, and has a very low cost 

The pr sent invention, in one form, provides an 
5 addressable display system including a paper-like 
sheet comprising a light transparent host layer 
loaded with a plurality of repositionable elements. 
The elements are movable from a first orientation 
in which they will present a first visual appearance, 

10 to a second orientation in which they will present a 
second visual appearance. Independent, external 
addressing means is provided to affect the orienta- 
tion of the repositionable elements as it is moved 
relative to the sheet The addressing means may 

is take the form of an array of chargeable electrodes 
and the repositionable elements may take the form 
of substantially spherical balls, each ball having at 
least two dissimilar surfaces of contrasting colors 
and differential surface charges, each contained in 

20 and free to rotate within- a substantially spherical 
cavity filled with a dielectric liquid. 

In an embodiment of the invention, the system 
further comprises a processor for transmitting and 
receiving information, said addressing means is 

25 interconnected with said processor for receiving 
information therefrom and transmitting information 
thereto, said sheet includes registration means 
thereon, and said addressing means includes sens- 
ing means for identifying said registration means 

30 and transmitting information relative thereto to said 
processor. 

The present invention further provides an ad- 
dressable display system including a paper-like 
sheet comprising a light transparent host layer 

as loaded with a plurality of substantially spherical 
balls, each ball having at least two dissimilar sur- 
faces of contrasting colors and differential surface 
charges, each of said balls being contained and 
free to rotate within a substantially spherical cavity 

40 filled with a dielectric liquid, and addressing means 
relatively movable with respect to said display 
sheet and having chargeable electrode means for 
making information visible upon said display sheet 
by rotating said balls. Said addressing means may 

4S comprise an array of chargeable electrode means 
extending substantially normally to the direction of 
relative movement and positioned adjacent to one 
surface of said sheet, switchable potential source 
means for selectively charging ones of said elec- 

so trode means, and a ground plane positioned adja- 
cent to the opposite surface of said sheet. The 
system may further comprise a processor for trans- 
mitting information, said addressing means being 
interconnected with said processor for receiving 

55 information therefrom and for switching said poten- 
tial source in response thereto. 

In another form, the present invention provides 
a paper-like sheet comprising a light transparent 
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host layer, a plurality of reposiBonable elements 
disposed within said host layer, said repositionable 
elements being movable from a first orientation in 
which they will present a first visual appearance to 
a second orientation in which they will present a 
second visual appearance. 

The present invention further provides a paper- 
like sheet comprising a fight transparent host layer 
loaded with a plurality of substantially spherical 
balls, each ball having at least two dissimilar sur- 
faces of contrasting colors and differential surface 
charges, each of said balls being contained and 
free to rotate within a substantially spherical cavity 
filled with a dielectric liquid. The sheet may include 
a protective transparent overcoat layer is disposed 
upon one surface of said sheet. The sheet may 
include a conductive ground plane deposited upon 
one surface of said sheet and may include registra- 
tion means thereon. 

By way of example only, embodiments of the 
invention will be described with reference to the 
accompanying drawings, in which: 

Figure 1 is a front elevation view of a typical 
computer work station showing a document 
page on its display screen. 
Figure 2 is a top view of the paper-like computer 
output display sheet shown being scanned by 
an addressing member. 

Figure 3 is a representational sectional view 
through the paper-like display, its support, and 
the addressing wand, taken in the direction nor- 
mal to the direction of movement between the 
display and the addressing member. 
Figure 4 is a perspective view of the paper-like 
computer output display shown being scanned 
at an addressing station. 
Figure 5 is an sectional view of the addressing 
member, showing the electrical field lines ema- 
nating from the modulating electrode. 
Figure 6 is a sectional view, similar to Figure 5 
of an alternative form of the addressing mem- 
ber, showing the electrical field lines emanating 
therefrom. a 

Figure 7 is a sectional view showing the alter- 
native form of the addressing member together 
with the display sheet, and 
Figure 8 is a top view of the paper-like computer 
output display sheet being written upon by a 
stylus. 

Turning to Figure 1 there is shown a typical 

BoZ Ut h WOrk S,ati ° n 10 ' Such as lhe *rox 
6085®. having a CRT display 12. a QWERTY key- 
board 14. auxiliary key panels 16 and 18. and a 
cursor and function controlling mouse 20 connect- 
ed to the keyboard by a suitable cable 22 A 
processor (not shown) will interpret the key strokes 
and mouse movements and commands so that the 
user may compose documents, including alphanu- 



meric and/or graphic representations, upon the 
CRT display or may receive such documents from 
others via an electronic mail system. A representa- 
Uve document 24. is illustrated. In accordance with 

PraCt,C8 ' me ° Ser may read *• d ^ent 
directly upon the screen or may direct the docu- 
ment to a remote printer (not shown), from which 
he may retrieve a paper copy. The printer is a 

JO £!° 9 . doc , ument P rocessi "9 equipment which 
io may cost as little as several hundred dollars to as 
much as several thousand dollars. If numerous 
copies of the document are desired, the user may 
.n.t.ally print those number of copies, or he may 
take the printed copy to a copier to reproduce the 
f « initial paper copy. The latter course of action would 
prevail ,f the originally printed copy had annota- 
tions marked thereon and the user desires to cap- 
ture the original as well as the appended informa- 
Hon. 

20 An alternative approach to the above-described 

procedure is described below. A paper-like display 
sheet 26 is utilized, having most of the properties 
of paper. It need not be thicker than five or ten- 
sheets of ordinary paper; it is flexible enough to roll 
"P carrv in a shirt pocket; it exhibits ambient 
light valve behavior; and.it may be written upon 
with a suitable erasable marker. If desired, the 
sheet may be made thicker to impart stiffness 
thereto. Additionally, and more importantly, marks 
*> may be created upon it or removed from it by the 
application of electric fields. 

In Figure 2 there is shown the display sheet 26 
supported upon a backing member 28. such as a 
clipboard, for providing a convenient suoport for 
as the flaccid sheet during addressing. A hand held 
addressing wand 30. connected to the work station 
by any suitable wireless means, for example, in- 
frared diodes, acoustics or radio, containing a lin- 
« fh 3r T ZV , ° f addressina electrodes, is passed over 
« the d IS play sheet (as indicated by arrows A) for 
writing information transmitted from the remote 
work station onto the display sheet. An entire 85 x 
11 inch surface may be written on in times as short 
as one second by drawing the wand over the 
« ength of the display sheet.. This enables the user 
to be comfortably seated across the room from the 
work station. Registration marks 32 are provided on 
bo h sides of the display sheet for cooperating with 

so Z ^5 S6nS0rS (SUCh 38 ° P,iCa ' 0r maanetic > in 
so the addressing wand in order to track wand speed 

and alignment. Thus, there is interaction between 

the wand, the work station and the display sheet so 

that correct information is transmitted and written. 

After ttie document has been written onto one or 

ss more d.splay sheets, the user has several available 

options. He may read them, he may carry them 

away, or he may copy them onto paper at a copier 

In the latter instance, the combination of the dis- 
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play system and the conventional copier is com- 
parable to a very low cost printer, and obviates the 
need for that extra piece of equipment 

As can b seen in Figure 3. the paper-like 
display sheet 26 comprises solely a host layer 34 
loaded with small balls 36 rotatable in cavities 37 
therein, and protective top and bottom layers 38 for 
imparting robust mechanical properties to the 
sheet. Alternatively, only the top layer may be 
protected, or the sheet may be fully encased in a 
protective sheath. It is an unelectroded form of the 
panel display fully described in U.S. Patent No. 
4,126,854 and in an article entitled "The Gyricon - 
A Twisting Bali Display 0 , published in the Proceed- 
ings of the S.I.D.. Vol. 18/3&4, Third and Fourth 
Quarters 1977. The host layer may be an 
elastomer, such as silicone rubber, in sheet form, 
about 5 to 20 mils thick, having dispersed therein a 
high density of dielectric balls, each about 15 to 30 
microns in diameter. Each ball is fabricated so that 
its hemispheres bear contrasting colors, preferably 
black on one side and white on the other, and will 
exhibit differential surface charges in an electrical 
field. Each ball is contained in a spherical cavity, 
slightly larger than the ball, with the space between 
the ball and the cavity filled with a dielectric liquid 
so that the ball is free to rotate therein. Once 
fabricated, it is possible to use the elastomer sheet 
by merely cutting it to a desired size with a pair of 
scissors. In order to protect the surface of the 
sheet for extended use. it is preferred to vacuum 
laminate it between two plastic sheets. 

Upon the application of an electric field of a 
given polarity and of a potential higher than a 
threshold value, the balls will line up so that their 
black sides all face in one direction. When viewed 
from that direction, the display sheet will appear to 
be black. Conversely, reversing the polarity of the 
electric field will cause the balls to rotate 180" so 
that their white sides face in the viewing direction 
and the display will appear to be white. Display 
resolution with 25 micron diameter balls can be 
better than 300 lines/inch. Voltages on the order of 
100 volts will cause balls of 25 micron diameter to 
rotate completely in about 3 milliseconds. The dis- 
play sheet is capable of nonvolatile image storage, 
i.e. it will retain a pattern of ball orientation indefi- 
nitely, without the assistance of an electrical field. 
Vigorous shaking will not disturb the orientation, 
however folding or creasing the display sheet will. 
This nearly archival memory is attributed to a "soft 
latching" property whereby after the ball has rotat- 
ed it lightly adheres to the adjacent wail of its 
cavity and will require a switching voltage greater 
than its threshold to detach it from its cavity wall. 

As taught in the above-mentioned '854 patent, 
individual pixels, comprising one or more balls 
each, may be rotated by using a matrix of X and Y 



electrodes for accessing the display, in which top 
and bottom electrode plates bear orthogonally dis- 
posed electrodes. It is also well known to make 
active matrix addressing circuits for liquid crystal 
s displays, comprising arrays of thin film transistors, 
one (at least) for each pixel on the display to be 
addressed. However, present commercial active 
matrix addressing plates are only a few square 
inches in area. 
10 The paper-like addressable sheet 26 is unen- 

cumbered by an integral addressing array. As 
noted above, the 1-D array of modulating elec- 
trodes in the addressing wand 30 which is movable 
relative to the surface of the display sheet 26. 
15 supplants the integral 2-D addressing matrix in the 
device of the '854 patent It comprises a housing 
40 within which is positioned a large area array 42 
including modulating electrodes 44, multiplexed ad- 
dress bus lines 46 and data bus lines 48, and high 
20 voltage transistors 50, ail of which are thin film 
elements integrally fabricated upon a substrate 52. 
Such an array which is capable of a resolution of 
300 lines/inch and producing addressing voltages 
of greater than 100 volts is disclosed in U.S. Patent 
25 No. 4,588.997 (Tuan et a/), entitled "Electrographic 
Writing Head". As the addressing wand is moved 
relative to the display sheet and the voltage on its 
individual modulating electrodes 42 is switched in 
accordance with the pixel information of the docu- 
30 ment to be written, appearing on a remote work 
station, an electrical field will be established be- 
tween the electrodes and an electrically conductive 
ground plane 54 disposed on the opposite side of 
the display sheet. This conductive plane may be in 
35 the form of a conductive layer located on the 
backing member 28 (shown in Figure 2) or it may 
be a thin conductive layer deposited, as by evap- 
oration, directly upon the remote surface of the 
display sheet 26. 
40 A convenience addressing station 56, for writ- 

ing information onto unelectroded display sheets 
26, is shown in Figure 4. It includes a stationary 
housing 58, supporting a simple sheet feeding 
mechanism, represented by rollers 60. a large area 
45 scanning array similar to that described as 42 
shown and described with respect to Figure 3, and 
a suitable electrically conductive backing member 
(not shown) located opposite the scanning array. 
With this device, the user may feed sheets man- 
so ually. or load several sheets onto the addressing 
station programmed for automatic feeding and. writ- 
ing. Because these display sheets are expected to 
be very low cost (perhaps a few dollars each) a 
typical user might have ten or twenty sheets for 
55 personal use and, in combination with the address- 
ing station and a convenience copier, he has an 
extremely inexpensive desktop printer. 

When a voltage greater than a threshold value 
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(e.g. about 100 volts) is applied to a modulating 
electrode 44, the balls directly adjacent to it will be 
caused to detach from their cavity wail and then to 
rotate. After a short interval th balls will soft latch 
to the cavity wall and be semi-permanently posi- 
tioned. With a 25 micron diameter ball and a mod- 
ulating electrode voltage of 100 volts, it will take 
about 3 milliseconds for a ball to completely switch 
from black to white and to latch in place. This will 
constrain the array scanning speed. 

During writing the addressing array is moved in 
the direction indicated by arrow B, as shown in 
Figure 5. The electric fields between it and ground 
plane 54 include the addressing electric field 62, 
downstream fringing fields 64 which act upon the 
soft-latched to-be-addressed balls, and upstream 
fringing fields 66 which act upon the just addressed 
and rotated balls. The downstream fringing fields 
64 are of insufficient magnitude to dislodge the 
downstream balls, and have no effect. However, if 
the scanning speed is too fast and the just ad- 
dressed balls have not yet soft latched, the up- 
stream fringing fields 66 which spread laterally 
outwardly will tend to cause the balls to tilt toward 
the modulating electrode, resulting in a less than 
optimum contrast condition. 

In order to prevent the deleterious action of the 
upstream fringing fields 66. a modified scanning 
array 68 is proposed. It includes a switchable 
source of threshold potential 70 connected to the 
modulating electrode 44, and a holding electrode 
72, comprising a conductive plate (about 1 millime- 
ter thick) separated from the modulating electrodes 
by a dielectric member 74 (about 25 microns 
thick), which may comprise an air gap or a solid 
dielectric shim. The electric fields 76 emanating 
from the modified scanning array are shown in 
Figure 6, while its construction is more completely 
shown in Figure 7. A subthreshold potential source 
78 is connected to the holding electrode so that 
field lines extend directly from the holding elec- 
trode to the ground plane 54 in a normal direction 
and dominate over the upstream fringing fields 
from the modulating electrode. Therefore, its effect 
will be to hold any shifted pre-latched balls in a 
normal orientation for a long enough time to allow 
soft latching to occur. This will allow faster scan- 
ning because the addressing field need not be 
maintained in the vicinity of the balls until they 
have completely rotated, as long as the rotated 
balls are held in a normal field of lower magnitude 
for a considerable period of time after they have 
been rotated by the higher addressing field. 

With reference to Figure 7 it can be seen that it 
is also possible to write upon the display sheet with 
an appropriate stylus 72 in order to annotate a 
document This writing implement may be in the 
form of a battery operated pen having about 100 



volts output in series with a very large resistor, 
which will write upon the sheet in a manner com- 
parable to the addr ssing scanning array, i.e. by 
causing balls to rotate. Alternatively, an erasable 

5 grease-type marking pen may be used to write 
directly upon the surface of the host layer 34 or the 
protective layer 38. In order to capture these anno- 
tations, a conventional optical scanning array may 
also be housed within the addressing wand 30 or 

w addressing station 52, or in a separate read bar 
may be used. By moving the scanning array rela- 
tive to the display sheet, the information on the 
sheet may be captured electrically for transmission 
back to the processor. This interactive system also 
75 may be used to input manual information such as 
drawings and sketches to the processor. 

Although the above description refers to a ro- 
tating ball display sheet alterable by electrical sig- 
naJs, it is contemplated that other driving signals, 
20 such as magnetic, could be used and that other 
repositionable appearance changing elements are 
possible. 



25 Claims 

1 . A paper-like sheet (26) comprising a light trans- 
parent host layer (34), a plurality of repositionable 
elements (36) disposed within said host layer, said 

30 repositionable elements being movable from a first 
orientation in which they will present a first visual 
appearance to a second orientation in which they 
will present a second visual appearance. 

2. A paper-like sheet as defined in claim 1 , wherein 
3S each element has two surfaces bearing contrasting 

colors, one of which is visible through said host 
layer in said first orientation and the other of which 
is visible in said second orientation. 

3. A paper-like sheet as defined in claim 1 or claim 
40 2, further including a protective transparent over- 
coat layer (38) disposed upon one surface of said 
sheet. 

4. A paper-like sheet as defined in any one of the 
preceding claims, further including a conductive 

45 ground plane (54) deposited upon, or positioned 
adjacent to, one surface of said sheet. 

5. A paper-like sheet as defined in any one of the 
preceding claims, further including registration 
means (32) thereon. 

50 6. A paper-like sheet as defined in any one of the 
preceding claims, wherein the plurality of re- 
positionable elements comprises a plurality of sub- 
stantially spherical balls, each ball having at least 
two dissimilar surfaces of contrasting colors and 

55 differential surface charges, each of said balls be- 
ing contained and free to rotate within a substan- 
tially spherical cavity filled with a dielectric liquid. 
7. An addressable display system including a 
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paper-like sheet as defined in any one of the 
preceding claims, and addressing means (30) for 
affecting the orientation of said repositionabie ele- 
ments as the addressing means is moved reiativ 
to said sheet. 

8. An addressable display system as defined in 
claim 7. wherein said addressing means comprises 
an array (42) of chargeable electrode means ex- 
tending substantially normally to the direction of 
relative movement and positioned adjacent to one 
surface of said sheet, and switchable potential 
source means for selectively charging ones of said 
electrode meansfor making information visible upon 
said display sheet by selectively repositioning said 
elements. 

9. An addressable display system as defined m 
ciaim 7 or claim 8. further comprising a processor 
for transmitting information, and wherein said ad- 
dressing means is interconnected with said proces- 
sor for receiving information therefrom. 

10. An addressable display system as defined in 
claim 9 when appended to claim 8, wherein said 
addressing means is interconnected with said pro- 
cessor for switching said potential source in re- 
sponse to the said information. 

11. An addressable display system as defined in 
any one of claims 7 to 10 when appended to claim 
5, wherein said addressing means includes sensing 
means for identifying said registration means. 

12. An addressable display system as defined in 
any one of claims 7 to 11, wherein said addressing 

. means further comprises sheet feeding means. 

13. An addressable display system as defined in 
any one of claims 7 to 12, wherein said addressing 
means is a hand held wand. 

14. An addressable display system as defined in 
claim 8, wherein said switchable potential source 
means applies a potential to ones of said electrode 
means of a magnitude above the threshold for 
repositioning said elements. 

15. An addressable display system as defined in 
claim 8. wherein said addressing means includes 
holding means (72) for extending the time that said 
elements are held in an electric field in their new 
orientation after they have been repositioned by 
said electrode means. 

16. An addressable display system as defined in 
claim 15, wherein said holding means comprises a 
conductive electrode and a potential source (78) 
connected thereto, said potential source being of a 
magnitude below the threshold for repositioning 
said elements. 

17. An addressable display system as defined in 
any one of claims 7 to 16, wherein said addressing 
means includes a pen-like stylus (80). 

18. An addressable display system as defined in 
claim 17, wherein said pen-like stylus includes a 
conductive nib connected to a source of electrical 



potential of a magnitude abov the threshold for 
repositioning said elements. 
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